Confined Ontic Open Systems is a new ecodynamic model based on Prigogine's thermodynamics, Ulanowicz's ontic openness and Coherence Domains with defined boundaries and constraints. The model has a wide range of applications, including ecosystems (e.g. invasive species, the lagoon of Venice), ecological economics, urban organization, the supra-molecular structure of water and global biosphere's models. The model is explained in terms of evolutionary thermodynamics and Jørgensen's ecosystems theory, namely "order out of chaos" and eco-exergy. Particular attention is devoted to the emergence of novelties and to the role of water.
COOS is an acronym for Confined Ontic Open Systems from the name of the Greek island (Kos, Coo or Coos) where the science of medicine originated at the time of Hippocrates. In Greek mythology, Asclepius, the first great doctor, ascended Mount Olympus as a god and was the first to love water. The primordial element water was considered essential in traditional Asclepiadean therapy, where the ritual of bathing was a form of purification before offering gifts to the great god of health. Hippocrates of Coos separated medicine from religion, magic and philosophy and used it in various fields. He was the first to describe the properties of water as one of the four elements (fire, earth and air) of human nature on which perfection (health, well-being) depends. Health was impaired if one or more of these elements were out of balance. Hippocrates had the merit of describing the power of water and of identifying the origin and characteristics that contribute to knowledge of diseases arising from the environment, as distinct from those of human origin. He not only trusted the religion of the gods, but tried to coexist with it, teaching his students that Nature has its own life, which is not always tied to the supernatural and magic. The major problem of his studies was therefore to give medicine a theoretical instrument of effective explanation and a method of assessment that justified and upgraded the link between theory and experience. The development of the theory was seen as a new approach to medicine that was the forerunner of greater knowledge and the exchange of ideas with doctors operating outside COOS. Hippocrates therefore improved fundamental knowledge that was based on the tradition of religion, magic and observation of natural phenomena [1] .
The acronym COOS was coined to describe thermodynamic systems open to interactions with the outside, but that also maintain their own historical identity (ontic), because they are bound to the memory of their origins. The primary aim of this paper is to present COOS as a new thermodynamic model for understanding evolutionary dynamics that create new structures and enable complexity to emerge, increasing the information in a great variety of systems, more commonly known as living systems capable of self-organization. In order to achieve this, living systems need to be protected (confined).
RESULTS AND DISCUSSION 2 In order to introduce this new thermodynamic model, it is necessary to distinguish between isolated, closed and open systems. Isolated systems do not exchange energy or matter with their surroundings. Closed systems exchange energy but not matter with the outside. Open systems exchange both energy and matter with their environment.
The second step is to recognize that some types of open systems have confined ontic openness: they evolve in time and space due to flows of energy and matter across their boundaries that make self-organization possible. Thus a substantial difference distinguishes living from nonliving systems: the former have ontogenetic evolution, whereas the latter can only go towards disorder in time with the exception of some dissipative structures that are capable of a spontaneous generation of complexity, such as into Bénard convection cells and Belousov-Zhabotinsky (BZ) reactions [2, 3] .
The COOS model is based on Prigogine's evolutionary thermodynamics and on the idea of ontic openness proposed by Ulanowicz in 2006 [4] , revolutionary concepts that challenge the classical thermodynamic principles.
The first law of thermodynamics says that the total energy in the universe, in all its forms, remains unchanged; it can only transform from one form to another in such a way that the total remains constant. This is law of conservation of energy. The second law concerns the use of energy, its availability to do work and its degradation to unusable forms in nature. The thermodynamic function entropy (usually indicated as S) measures this degree of energy dispersion: the transformations take place spontaneously in the direction of increasing entropy, determining the probabilistic and stochastic succession of events. If we extend this concept to systems that exchange energy and matter with the outside world, two terms of the total change in entropy, dS, are distinguished: d e S, the transfer of entropy across the boundaries of the system and d i S, the entropy produced within the system by irreversible processes:
Irreversible processes produce entropy. The second law therefore states that irreversible processes lead to a sort of one-way time.
For COOS, it is more useful to refer to Morowitz's equation [5, 6] :
where dS int is the change of entropy for an intermediate system as it is the case for COOS, such that the entropy of COOS may increase but also decrease depending on its capability to self-organize. Thus a non-equilibrium steady state is generated that must not be confused with thermodynamic equilibrium and in which order may be created from disorder. Order created in this way no longer violates the laws of thermodynamics. Equilibrium is no longer the only attractor of the system, but the system becomes more complex: in fact, it can lose its thermodynamic stability in order to acquire new oscillating states characterized by highly organized structures or chaotic structures (order out of chaos) [7] .
For a correct interpretation of processes that characterize the emergence of novelties and self-organization, it is also fundamental to calculate the negative entropy (i.e. order) produced inside open systems and the positive entropy (i.e. disorder) created by them in their environment. The increase in order is only apparent, being at the expense of order in the environment. Overall disorder increases [5] .
All living organisms have these thermodynamic properties. They are open systems with their own evolutionary behaviour and the following characteristics: they are
• confined inside a bounded space in which they develop their processes; they are
• ontic, maintaining their internal evolutionary memory that cannot be deleted because it obeys the arrow of time.
COOS may be simple or complex: cells, plants, animals, ecosystems and the planet earth, all systems capable of self-organization, capable of creating order out of chaos [6, 8] .
Like all living organisms, pre-biotic systems and physical prototypes of self-organization seem to violate the second principle of thermodynamics: they embody extremely ordered structures that evolve in the direction of increasing order, or decreasing entropy. Emergence of new structures and different organizational levels are related to the presence of liquid water molecules, since these play a fundamental role in the evolution of living systems and generation of chaotic and/or ordered structures. In fact, water is the element that created the fundamental chemical-physical principles for the survival of organisms on planet earth and enabled their ontogenetic development. It has been recognized [9] [10] [11] [12] that a simple liquid water molecule self-organizes in extended regions and induces organisms to select and make interactions between different molecular species, causing a high level of complexity inside the system. Pollack [13, 14] showed that there is a thick layer of "special water" (EZ water) at the interface with the walls of a vessel. This water has special properties: it readily donates electrons, so that it is chemically reducing, whereas normal bulk water is oxidizing. There is therefore a higher probability of chemical reactions that give rise to vital processes at the interface between the two layers of water.
A pre-biotic example of a COOS is the BZ-reaction, a class of oscillating chemical reactions [15] in which it is possible to observe the formation of new structures only when there is a suitable equilibrium between water and surface (where the lipids, in this case, have the function of boundaries). Oscillating reactions are the simplest systems manifesting complex behaviour and emerging properties, and they provide insights into the mechanisms of a great variety of biological processes [16] . In order to mimic the biological complexity of a cell environment, we studied the BZ oscillator in the aqueous compartment of different phospholipids/water lamellar phases, since lipids are major components of plasma membranes. The water/lipid system is a good model for the cell environment, since different aqueous domains in living systems are usually separated by a membrane with a single phospholipid bilayer as basic structural unit. Another intriguing result was the disappearance of all BZ patterns and structures when the water phase/lipid ratio was low. In fact, for water concentrations below 70% W/W with respect to the lipid, no self-organization phenomena were observed. Water is the molecule of life, since all known forms of life and all physiological solutions have a water content of 60-99% [17, 18] .
In nature there are many examples of COOS: let us refer to important features related to birth, as the placenta and the nest. The nests of several birds present the characteristics of COOS because they could be seen as a micro-cosmos protected from the outside dangers but open to exchanges of energy and matter necessary for the development and the survival of young and adult birds. So the nest is the refuge, the house where the birds can grow and organize themselves: it has the same role as home for man, as an ecosystem for the wild-life and as the planet earth for all living organisms. A similar example is the atoll, e.g. the blue hole of J.J. Cousteau in the Caribbean Sea.
The formation of a salt-marsh in the lagoon of Venice was based on this model: the flows of tidal energy and matter on an intertidal surface interface produced compartmentalization that led to the formation of organic matter [19, 20] . Once the first living matter had been established in the form of a microbial mat, the trapping process self-accelerated, giving rise to massive growth of structured biomass and biodiversity. The protective boundaries allowed an increase in halophytic species, developing a biological diversity of plants, birds and fish. A high level of complexity evolved, characterized by a general increment in eco-exergy, an indicator of sustainability that quantifies the quality of energy by measuring the distance of the system from thermodynamic equilibrium. It offers an estimate of the information contained in system structure, because it could increase with increasing biomass and diversity of ecosystem elements [21] .
According to the reference [21] , eco-exergy is defined by the following equation:
where T is the absolute temperature, C i is the concentration in the ecosystem of component i (e.g. biomass of a given taxonomic group or functional group), b i is a factor able to express roughly the quantity of information embedded in the biomass. Detritus is chosen as reference level, i.e. b i = 1, and exergy in biomass of different types of organisms being expressed in detritus energy equivalents. In the ancient books, the Terrestrial Paradise (Eden) is also called a confined garden. Thus the concept of confined ontic openness is related to the 'ecological niche', coined by Elton in 1946 [22] , which expressed the situation of an organism living with others in a particular environment, involving several types of interaction. The term ecological niche not only includes physical space but also explains the functional role of the species in the biocenosis and its position in the ecosystem. The interactions between the constituents of the system, that are neither isolated nor completely free, determine the beginning of a process of continuous mutual adaptation; all specimens act and react in response to the others in the system [6] . Ecological systems must therefore be open, allowing continuous flow of energy and matter to and from the outside, but they must also have some boundaries, so that species can achieve a high degree of adaptation to the environment and also give rise to new species. Such evolution is related to the idea of confined ontic openness. In fact, ecosystems must also have physical constraints for exchanges with the outside, favouring differences in temperature between source and sink, so they can continue to create order and self-organize.
A case study of an invasive species introduced into a foreign ecosystem was also considered. This phenomenon has been more frequent in recent years because of intercontinental transport of goods and persons. Alien species upset biocenoses, ecological niches and prey-predator models. In this case, the invaded ecosystem is too open: introduction and proliferation of an invasive species upsets native community structure, causing extinctions and reducing biological diversity. Although introductions are not always negative (in some cases they are responsible for an increase in biodiversity), new community structure with different characters may involve loss of genetic heritage stored over decades of evolutionary history. The new ecosystem could be more vulnerable to natural and manmade perturbations because loss of historical identity means loss of some ontic aspects.
The planet earth can also be considered a COOS, since boundaries that regulate the entry and exit of electromagnetic radiation from the troposphere protected and favoured the development of molecules essential for the survival of life and determined all the fundamental cycles that regulate the metabolism of this planetary super-organism [23] .
If a thermodynamic system isolates itself, excluding contacts with the external environment, it is destined to degenerate into total disorder. Likewise, if it opens to limitless exchange of energy and matter with the outside, thermodynamic death is again inevitable. Both hypotheses make the evolution of biological, economic, social and regional systems unsustainable [24] .
In socio-economic systems, autarchy is based on the principle of self-government and expresses the process by which an isolated system survives on its own resources (not infinite). The system is therefore destined to die. Globalization, the progressive integration of international markets, is interpreted as a similar process leading to erasure of differences (progressive conformity to rules that hold for everyone) and increasing uniformity of systems (loss of information and disappearance of cultural biodiversity). The principles of ecological economics are founded on the openness of the markets but also on some political and economic restrictions, so that there are the preservation of natural resources (that are not limitless) and not only an infinite growth of the man-made capital. This ecological choice for the management of the natural capital could take part in the idea of confined ontic openness.
In a city or social system, the configuration of interactions between the parts, and between the parts and the whole, is the tangible expression of system organization. The parts of the system develop mutual relations, interacting with the others, and exchange information [25] . Also in this case, the idea of COOS can be applied to the creation and civilization of cities that developed for the protection provided by their natural boundaries (the lagoon for the city of Venice) or by boundaries constructed by men (medieval city walls) [26] .
Another example is the caravanserai in the Arab culture. It is worthwhile to compare the point of view developed earlier with another that emerged in the last decades from the conceptual background of quantum field theory (QFT). The interplay between these points of view has been recently investigated [27] , pointing out that just the extended space-time regions (coherence domains or CDs) produced by the QFT dynamics might assume the properties of the Prigogine's dissipative structures (DSs). This coincidence of the two a priori different concepts of CDs and DSs allows us to define a CDDS dynamics as underlying the COOS formation.
A first example of this coincidence has recently been discussed with regard to the formation of the Belousov-Zhabotinsky system and the role of water in it [28] . Let us now revisit the properties of COOS in the light of QFT.
A CD has a total energy smaller than the corresponding ensemble of noncoherent components. The difference is termed in the physical jargon 'energy gap'.
In the particular case of liquid water it has been shown [29] that the energy gap Γ is given by:
where h is the Planck constant and υ r is the frequency of the collective oscillation of the CD, which depends on the number of components of the CD that in turn depends on temperature T. The existence of the energy gap implies that the coherent system should be able to release energy outwards, so that it should be necessarily open. A closed system would be trapped into a noncoherent state, which would instantly relax to the coherent state, when it gets opened. The higher the 'energy gap', the more protected the coherent system against external assaults. In normal liquids, for instance, the self-organizing electrodynamic attraction among molecules induced by the coherent dynamics is contrasted by the disruptive role of thermal collisions, so that at each temperature T there is a coherent fraction F c (T) and a noncoherent fraction F nc (T) = 1 -F c (T). The relative weight of the two factors, and hence the actual value of F c (T), is determined by the comparison of the 'energy gap', which protects order, and of the thermal noise kT, which enhances disorder. How much the system requires to be confined in order to be protected depends just on the relative weight of 'energy gap' and 'external noise'. For instance, near a wall, water becomes more coherent, as discovered by G. Pollack and his group [13] , because the attraction between water and wall increases the 'energy gap' and hence provides a better protection to the coherence of water. Actually in a living organism water is never 'bulk water', because of the huge number of membranes, molecular backbones and interfaces, so that the whole of biological water could be considered interfacial water in the sense of Pollack and therefore much more coherent than normal water.
The 'energy gap' of the CD is the critical parameter to determine how much protected the system is against the external assaults. Since the 'energy gap' cannot be infinite, a coherent system should necessarily have a finite size, whose amount, however, could be increased by deepening the 'energy gap', the actual value of which is determined by the peculiar dynamics governing the system. According to Arani et al. [29] the full size D of the CD is
where c is the speed of light and E is the amplitude of the energy oscillation. This size could be eroded by the external assaults so that the effective size could be smaller. For instance, the coherence of ions in an electrolytic solution is much higher than that of normal water [30] , so that ions are always totally coherent and may form quite large coherence domains.
The dependence of the energy gap on the system dynamics corresponds to the term 'ontic' in our definition. The time variations of the dynamics, and also its discontinuities in correspondence with phase transitions of the system, are the story of the system, which actually affects, via the energy gap, its tolerance of novelties and its strength.
In a social system, it is always possible to define its optimal size that varies with its internal structure. This size in ancient civilizations was actually smaller than in modern times. A social human organization extended on the whole planet is not possible in the present economic structure, as shown by the crisis of globalization, but could be possible in an entirely different economic structure, where the internal turbulence could be much smaller. CONCLUSION 3 We think that the presence of COOS is the 'conditio sine qua non' for the emergence of novelties. Liquid water molecules favour emergence of novelties and self-organization in pre-biotic systems and all living organisms. With water (the molecule of life) and natural or artificial boundaries, the ontic-openness of the system enables new structures to form, trapping energy inside and simultaneously transforming it from low grade (high entropy) energy into high grade (low entropy) one. Dissipative structures, indeed, maintain their thermodynamic state of non-equilibrium by continuous dissipation of energy outside the system. The disorder produced by the dissipated energy outside the system creates order and self-organization inside. The order produced generates new order and new organization (autocatalytic structures) but if the flow of energy is interrupted or reduced, the structure may collapse and never return to its initial state (irreversibility).
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